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 ,QWURGXFWLRQ
7L±$O±9 DOOR\ LV DQ LPSRUWDQW PDWHULDO ZLGHO\ XVHG LQPRGHUQ LQGXVWULHV OLNH DHURVSDFH DXWRPRWLYH ELRPHGLFDO
PDULQH FKHPLFDO SURFHVVLQJ SRZHUJHQHUDWLRQ RLO DQGJDV H[WUDFWLRQ7L$O9DQG LWV DOOR\V KDYH VXSHULRU SURSHUWLHV
VXFK DV D KLJK VWUHQJWKWRZHLJKW UDWLR JRRG UHVLVWDQFH WR FUHHS DQG IDWLJXH H[FHOOHQW FRUURVLRQ UHVLVWDQFH DQG
ELRFRPSDWLELOLW\ +RZHYHU 7L$O9 DOOR\V DUH WKRXJKW WR EH GLIILFXOWWRFXW PDWHULDOV RZLQJ WR WKHLU VXVFHSWLELOLW\ WR
ZRUNKDUGHQLQJ WKURXJKRXW PDFKLQLQJDQGWKHLUORZWKHUPDO FRQGXFWLYLW\FKHPLFDO UHDFWLYLW\ZLWKWKH FRQYHQWLRQDOFXWWLQJ
WRRO PDWHULDO OLNH FREDOW ELQGHU (]XJZX ( 2 HW DO>@ )RU WKDW UHDVRQ PDFKLQLQJ RI 7L$O9 DOOR\ DGYDQFHG
PDFKLQLQJWHFKQLTXHVDUHXVHGVXFKDVZDWHUMHWODVHUEHDPDQGSODVPD%XWWKHDERYHSURFHVVHVKDYHSURYHQWR EH KLJKO\
H[SHQVLYH DQG IRU WKDW UHDVRQHOHFWULFDOGLVFKDUJHPDFKLQH ('0 LV VHOHFWHGDV LW LV D HFRQRPLFDOSURFHVVDQGKDVKLJK
055DQGORZ65
('0 LV DQ DGYDQFHG PDFKLQLQJ SURFHVV ZKLFK LV ZLGHO\ XVHG WR SURGXFH ILQLVKHG SDUWV WKURXJK WKH DFWLRQ RI DQ
HOHFWULFDOGLVFKDUJHRIVKRUWGXUDWLRQDQGKLJKGLVFKDUJHFXUUHQWLQWHQVLW\EHWZHHQWKHWRRODQGZRUNSLHFH7KLVSURFHVVLV
FRPPRQO\XVHGIRUSURGXFLQJGLHVPRXOGVDQGILQLVKLQJSDUWVIRUDHURVSDFHDXWRPRWLYHDQGVXUJLFDOFRPSRQHQWV.++R
HWDO@7KHSURFHVV LVFDSDEOHRIJHWWLQJUHTXLUHGGLPHQVLRQDODFFXUDF\DQGVXUIDFHILQLVKE\FRQWUROOLQJ WKHSURFHVV
SDUDPHWHU
7KHEDVLFSKHQRPHQRQLQ('0LVWKHFRQYHUVLRQRIHOHFWULFDOHQHUJ\LQWRWKHUPDOHQHUJ\WKURXJKDVHULHVRIGLVFUHWH
HOHFWULFDOGLVFKDUJHVRFFXUULQJEHWZHHQWKHHOHFWURGHDQGZRUNSLHFHLPPHUVHGLQWKHGLHOHFWULFIOXLG7KHLQVXODWLQJHIIHFW
RIWKHGLHOHFWULFLVLPSRUWDQWLQDYRLGLQJHOHFWURO\VLVRIWKHHOHFWURGHVGXULQJWKH('0SURFHVV$ VSDUNLVSURGXFHGDWWKH
SRLQW RI VPDOOHVW LQWHUHOHFWURGH JDS E\ D KLJK YROWDJH RYHUFRPLQJ WKH VWUHQJWK RI GLHOHFWULF EUHDNGRZQ VWUHQJWK RI WKH
VPDOOJDSEHWZHHQWKHFDWKRGHDQGDQRGHDWDWHPSHUDWXUHLQWKHUDQJHRIWR&HURVLRQRIPHWDOIURPERWKWKH
HOHFWURGHVWDNHVSODFH 7KHQXPHULFDOFRQWUROPRQLWRUVWKHJDSFRQGLWLRQVYROWDJHDQGFXUUHQWDQGV\QFKURQRXVO\FRQWUROV
WKHGLIIHUHQW D[HV DQG WKHSXOVHJHQHUDWRU7KHGLHOHFWULF OLTXLG LV ILOWUDWHG WR UHPRYHGHEULV SDUWLFOHV DQGGHFRPSRVLWLRQ
SURGXFWV 5&DVDQXHYDHWDO>@
&KHQHWDO>@ FRPSDUHGWKHSHUIRUPDQFHRINHURVHQHDQGGLVWLOOHGZDWHUDVGLHOHFWULFIOXLGVGXULQJ('0RI7L$O
9,WKDVEHHQQRWLFHGWKDWWKH055LVPRUHDQG5:5LVOHVVZKHQGLVWLOOHGZDWHULVXVHGDVDGLHOHFWULFDVFRPSDUHGWR
NHURVHQH /LQHWDO >@SUHVHQWHGDQH[SHULPHQWDO LQYHVWLJDWLRQRI WKHPDFKLQLQJFKDUDFWHULVWLFVRI WLWDQLXPDOOR\7L±
$O 9 XVLQJ D FRPELQDWLRQ PHWKRG RI ('0 ZLWK XOWUDVRQLF PDFKLQLQJ 860 7KH ('0 DQG 860 PDFKLQLQJ
PHFKDQLVPV ZHUHLQWHJUDWHGWRHQKDQFHWKHPDFKLQLQJHIILFLHQF\DQGDFFXUDF\3DUDPHWHUVVXFKDVGLHOHFWULFW\SHDEUDVLYH
VL]HFRQFHQWUDWLRQRIDEUDVLYHZLWKLQWKHGLHOHFWULFIOXLGGLVFKDUJHSHDNFXUUHQWDQGSXOVHSHULRGZHUHPRGLILHGWRH[SORUH
WKHLU UHVXOWRQ WKH055(:55(:565DQG5/77KH\FRQFOXGHGIURPWKHH[SHULPHQWDO UHVXOWV WKDWFRPELQDWLRQ RI
('0860PHWKRGZLOOLQFUHDVHWKH055GHFUHDVHWKHWKLFNQHVVRIWKHUHFDVWOD\HUDQGLPSURYHWKHGLVFKDUJHHIILFLHQF\
/LQ*XHWDO >@H[DPLQHGDQHIILFLHQW 7L$O9DOOR\('0SURFHVVZLWKDEXQGOHG GLHVLQNLQJHOHFWURGH7KH\
REVHUYHGKLJKSHUIRUPDQFHRI WKH('0SURFHVVZLWKDEXQGOHGHOHFWURGH WKURXJK WKHXVHRIPXOWLKROH LQQHU IOXVKLQJ WR
HIILFLHQWO\UHPRYHPROWHQPDWHULDOIURPWKHLQWHUHOHFWURGHJDSDQG LPSURYHV WKH DELOLW\WRDSSO\DKLJKHUSHDNFXUUHQW
$]DGHWDO>@VWXGLHGWKHLQIOXHQFHRIVLOLFRQFDUELGH6,&SRZGHUFRQFHQWUDWLRQ LQPLFUR('0RQ7LWDQLXPDOOR\
7KH\RSWLPL]HG WKHSDUDPHWHUVXVLQJ 560SDUDPHWHUVVXFKDVFXUUHQWDQGYROWDJHSURFHVVSDUDPHWHUV OLNH 657KHILQDO
UHVXOWVLQGLFDWHVWKDWPLQLPXP5DYDOXHREWDLQHGZDVȝPIRUJ/6L&SRZGHUFRQFHQWUDWLRQDQGȝ-HQHUJ\
GLVFKDUJH
.LEULDHWDO >@ FRQGXFWHGH[SHULPHQWVDQG FRPSDUHG WKHHIIHFWRIYDULRXVGLHOHFWULFVVXFKDVNHURVHQHGHLRQL]HG
ZDWHUDQGPL[LQJ RI %&SRZGHU LQNHURVHQHDQG WKH GHLRQL]HGZDWHUGXULQJPLFURKROHPDFKLQLQJRI7L$O9XVLQJ
('0,WKDVEHHQQRWLFHGWKDW055DQG7:5DUHPRUHXVLQJGHLRQL]HGZDWHUWKDQNHURVHQH:KHQ%&SRZGHUPL[HG
GLHOHFWULFVDUHXVHG055LQFUHDVHVZLWKGHLRQL]HGZDWHUEXW7:5GHFUHDVHVZLWKNHURVHQH,WKDV DOVR EHHQREVHUYHGWKDW
WKH5/7LVOHVVLQFDVHRIGHLRQL]HGZDWHUDVFRPSDUHGWRNHURVHQH
&KRZ HW DO >@ XVHG 6L& SRZGHU LQ ZDWHU DV GLHOHFWULF IRU PLFURVOLW GLHVLQNLQJ ('0 RI 7L$9 DOOR\ $
URWDWLQJ GLVN FRSSHU HOHFWURGH PDFKLQH ZDV XVHG 3XUH ZDWHU DQG 6L& SRZGHU PL[HG ZHUH XVHG VHSDUDWHO\ DV GLHOHFWULF
IOXLGV 7KHFRQFHQWUDWLRQRI6L&SRZGHUXVHGZDVJO,WKDVEHHQFRQFOXGHGWKDW E\ XVLQJSXUHZDWHUDVDGLHOHFWULF
IOXLG IRU 7L$9 JLYHV KLJKHU055 DQG ORZHU 7:5 DQG VPDOO H[SDQGLQJVOLW E\ HPSOR\LQJ QHJDWLYH SRODULW\ 3XUH
ZDWHUDQG 6L&SRZGHUFDXVHVD ODUJHUH[SDQGLQJVOLW DQGHOHFWURGHZHDU WKDQ WKRVHRI XVLQJSXUHZDWHUDORQH+RZHYHU
SXUHZDWHUDQG6L&SRZGHUDWWDLQDVPDOOHUDPRXQWRIPDFKLQHGEXUUWKDQWKDWRIXVLQJSXUHZDWHUDORQH
0XUDKDUL HW DO >@ VWXGLHG WKH HIIHFW RI DGGLWLYHV DGGHG LQ GLHOHFWULF IOXLG RQ ('0 RI 7LWDQLXP DOOR\ 7KH\
FRQGXFWHGH[SHULPHQWV E\ YDU\LQJFRQFHQWUDWLRQRIDGGLWLYHVDQGGLVFKDUJHFXUUHQWZLWKWKHLUHIIHFW RQ WKH055 65DQG
7:5 7KH\KDYHUHSRUWHGWKDW05565DQG7:5LQFUHDVHGZLWKLQFUHDVHLQGLVFKDUJHFXUUHQW
,W KDV EHHQ IRXQG IURP WKH H[WHQVLYH OLWHUDWXUH VXUYH\ WKDW PRVW RI WKH UHVHDUFKHUV IRFXVHG RQ LPSURYLQJ WKH
VXUIDFH ILQLVK DQG PDWHULDO UHPRYDO UDWH RI ^YDULRXV` IRUPV RI WRROV EHFDXVH LW LV ZLGHO\ XVHG LQ YDULRXV LQGXVWULHV
+RZHYHU DIHZ UHVHDUFKHUV ZHUHFDUULHGRXW RQSRZGHUPL[HG('0ZLWK YHU\ VFDUFH UHVHDUFKRQ%&SRZGHUPL[HG('0
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RI7L$O9DOOR\7KHUHIRUH WKH SUHVHQW ZRUN LQWHQGV WRVWXG\ WKH IHDVLELOLW\ RIDFKLHYLQJ65055DQG7:5 ZLWK ('0
RI 7L$O9 DOOR\ XVLQJ %& SRZGHU DGGHG WR GLHOHFWULF IOXLG LQ RUGHU WR LPSURYH WKH RYHUDOO PDFKLQLQJ HIILFLHQF\ RI
('0 SURFHVV
 ([SHULPHQWDO SURFHGXUH
7KH H[SHULPHQWV ZHUH SHUIRUPHG RQ D )RUPDWLFV ('0  GLH VLQNLQJ PDFKLQH PRXQWHG RQ FXVWRP EXLOW GLHOHFWULF
F\FOLQJ V\VWHP7KHHOHFWURGHLVIHGGRZQZDUGVXQGHU'&VHUYRFRQWUROLQWRWKHZRUNSLHFH6SDUN(URVLRQ('0RLO
DQG%& SRZGHU SDUWLFOHV DUH XVHG DV WKH GLHOHFWULF IOXLG IRUPDFKLQLQJZKLFK LV XVHG LQ GLHVLQNLQJPDFKLQHV IRU KLJK
PDFKLQLQJVSHHGDQGJRRGVXUIDFHILQLVK%&SRZGHU LVDGGHG LQDFHUWDLQDPRXQW LQWRGLHOHFWULF IOXLGDQGFRQWLQXRXVO\
VWLUULHG LQRUGHU WRPDLQWDLQ XQLIRUPGLVWULEXWLRQ7KHKRPRJHQRXVPL[HGGLHOHFWULF IOXLG LV SXPSHG LQ WR WKHPDFKLQLQJ
UHJLRQXVLQJVLGHIOXVKLQJ
([SHULPHQWVZHUHFRQGXFWHGZLWKUHYHUVHSRODULW\HOHFWURGH7KHHOHFWURO\WHFRSSHUZLWKGLPHQVLRQVRIPPGLDPHWHU
DQGPPOHQJWKLVVHOHFWHGDVDQHOHFWURGH7KHZRUNSLHFHZLWKGLPHQVLRQVRIPPOHQJWKPPZLGWKDQGPP
WKLFNQHVV LVHPSOR\HG(DFKH[SHULPHQW ZDVFRQGXFWHGIRUPLQXWHVGXUDWLRQ3ULRU WRPDFKLQLQJ WKHZRUNSLHFHVDQG
HOHFWURGHZHUHFOHDQHGDQGSROLVKHG7KHZRUNSLHFHZDV ILUPO\FODPSHG LQ WKHYLFHDQG LPPHUVHG LQ WKHGLHOHFWULF IOXLG
7KHGLH VLQNLQJ('0PDFKLQHH[SHULPHQWDO VHWXS LV VKRZQ LQ)LJDQG7LWDQLXPDOOR\ZRUNSLHFHSURSHUWLHVDQG%&
SURSHUWLHVDUHSUHVHQWHGDQGVKRZQLQ7DEOH7DEOHDQGLQ7DEOH
)LJ 0RGLILHG([SHULPHQWDO6HWXS
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7DEOH 3URSHUWLHVRI%&
&RQVLGHULQJVDIHW\DQGSROOXWLRQLVVXHV%&SRZGHULVDGGHGLQWRWKHGLHOHFWULFIOXLGIRUDOOWKHH[SHULPHQWVDQGDOVRGXH
WRWKHUHDVRQWKDWWKH FRQGXFWLYLW\RIGLHOHFWULFIOXLGLQFUHDVHVZLWK%&SRZGHUFRQFHQWUDWLRQDQGGXH WRKLJKYDOXHRI+/%
>.LEUDHWDODQG5HKEHLQ:HWDW@7KHZHLJKWRIWKHZRUNSLHFHDQGWKHHOHFWURGHWRROZDVPHDVXUHGXVLQJD
GLJLWDOZHLJKLQJEDODQFH0DQXIDFWXUH&,7,=(1EHIRUHDQGDIWHUWKHFRPPHQFHPHQWRIPDFKLQLQJWRFDOFXODWHWKH055
DQG7:5UHVSHFWLYHO\6XUIDFH URXJKQHVVRI WKHPDFKLQHGZRUNSLHFHVZHUHPHDVXUHGXVLQJ+DQG\VXUIHTXLSPHQW7KH
UDQJHVRIHDFKIDFWRUZHUHWDNHQEDVHGRQWKHFDSDELOLW\RIWKHPDFKLQHDQGSUHOLPLQDU\H[SHULPHQWVZHUHFRQGXFWHGWRWKDW
HIIHFW:KHQWKHGLVFKDUJHFXUUHQWZDVNHSWDERYH$PSLWZDVREVHUYHGWKDW055ZDVVLJQLILFDQWDQGZKHQPRUHWKDQ
$PSZDVVHOHFWHGLWUHVXOWHGLQKLJKHU055QHFHVVLWDWLQJWKHVHOHFWLRQRIWKHYDOXHV7KHUDQJHVHOHFWHGIRUWKHSXOVHRQ
WLPHDQGSXOVHRIIWLPHLVEDVHGRQWKHSLORW H[SHULPHQWVDQGOLWHUDWXUH 0XUDKDULDQG$GHSXNXPDU >@
7KHFRQFHQWUDWLRQRIWKH%&SRZGHUZDVYDULHGEHWZHHQJPOLWWRJPOLWDQGWKHH[SHULPHQWDOFRQGLWLRQV DQG
SDUDPHWHUV ZHUHFRQVLGHUHGDVPHQWLRQHGLQ WKH7DEOHDQG7DEOH7RSRJUDSKLFREVHUYDWLRQWKURXJKWKH('0VXUIDFHV
ZHUH SHUIRUPHG XVLQJ D 9(*$7(6&$1 7(6&$1 &=(&+ 5(38%/,& 6FDQQLQJ (OHFWURQ 0LFURVFRSH 6(0)RU
PLFURVWUXFWXUDOREVHUYDWLRQVDPSOHVZHUHSUHSDUHGXVLQJFRQYHQWLRQDOPHWDOORJUDSKLFWHFKQLTXHVRQFURVVVHFWLRQVSFW
GLVWLOZDWHUSFW+12DQGSFW+)DFLGPL[WXUH ZHUH VHOHFWHGDVDQHWFKDQW UHDJHQWEDVHGRQ WKHLU DELOLW\ WRHWFK WKH
PHWDO
7DEOH ([SHULPHQWDOFRQGLWLRQV
:RUNLQJFRQGLWLRQV 'HVFULSWLRQ
:RUNSLHFH 7L$O9PPîPPîPP
(OHFWURGH (OHFWURO\WHFRSSHUPPDQGOHQJWKPP
'LHOHFWULF &RPPHUFLDO('02LOJUDGH6$(%&SRZGHU
)OXVKLQJ 6LGHIOXVKLQJZLWKSUHVVXUH03D
%&3RZGHUSDUWLFOHVL]H P
3RODULW\ 5HYHUVH
6XSSO\YROWDJH 9
*DSYROWDJH 9
3XOVH21 V
3XOVH2)) V
0DFKLQLQJWLPH PLQXWHV
7DEOH 3DUDPHWHUVVHWWLQJ
3URSHUW\ 9DOXHV
'HQVLW\JFP
3DUWLFOH6L]HђP


0HOWLQJSRLQW& 
+DUGQHVVNJPP 
)UDFWXUH7RXJKQHVV03D 
7KHUPDOFRQGXFWLYLW\:P.DW& 
(OHFWULFDOFRQGXFWLYLW\DW& 
7KHUPDOH[SDQVLRQ && [
&RPSUHVVLYHVWUHQJWK0SD 
<RXQJ¶V0RGXOXV*3D 
:RUNLQJSDUDPHWHUV 5DQJHV
'LVFKDUJHFXUUHQW$PS 
3XOVHRQWLPHV 
3XOVHRIIWLPHV 
%RURQFDUELGHYDU\ JPOLW 
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 (YDOXDWLRQ RI05565 DQG7:5
('0 SHUIRUPDQFH UHJDUGOHVV RI WKH W\SH RI HOHFWURGH PDWHULDO DQG ZRUN SLHFH PDWHULDO LV PHDVXUHG XVXDOO\ E\ WKH
IROORZLQJFULWHULD$GLJLWDOZHLJKLQJEDODQFHFLWL]HQKDYLQJFDSDFLW\XSWRJUDPVZLWKDUHVROXWLRQRIPJZDVXVHG
IRUZHLJKLQJWKHZRUNSLHFHVEHIRUHPDFKLQLQJDQGDIWHUPDFKLQLQJ7KHQWKHPDWHULDOUHPRYDOUDWH 055LVFDOFXODWHGDV
IROORZV
055PPPLQ ¨: ȡZ îW 
:KHUH ¨:LVWKHZHLJKWGLIIHUHQFHRIZRUNSLHFHEHIRUHDQGDIWHUPDFKLQLQJJȡZ LVGHQVLW\RIZRUNPDWHULDOJPPñ
DQGWLVWKHPDFKLQLQJWLPHLQPLQXWHV
7:5PPPLQ ¨7 ȡW îW 
:KHUH ¨7LVWKHZHLJKWGLIIHUHQFHRIHOHFWURGHEHIRUHDQGDIWHUPDFKLQLQJJ ȡWLVGHQVLW\RIHOHFWURGHPDWHULDOJPPñ
DQGWLVWKHPDFKLQLQJWLPHLQPLQXWHV
6XUIDFHURXJKQHVVRIWKHPDFKLQHGZRUNSLHFHVZHUHPHDVXUHGXVLQJ+DQG\VXUIVXUIDFHURXJKQHVVWHVWHU7KHVXUIDFH
URXJKQHVV LV UHSUHVHQWHG E\ WKH FHQWUH OLQH DYHUDJH PHWKRG 5D 5RXJKQHVV PHDVXUHPHQWV ZHUH FDUULHG RXW LQ WKH
WUDQVYHUVHGLUHFWLRQRQPDFKLQHGVXUIDFHZLWKFXWRIIOHQJWKRUVDPSOLQJOHQJWKRIPPDQGIRUUHSHDWHGWKUHHWLPHVDQG
DYHUDJHYDOXHVDUHFDOFXODWHG
 5HVXOWV DQGGLVFXVVLRQV
 (IIHFWRI%&SRZGHUFRQFHQWUDWLRQRQ055
7KH055ZDVPHDVXUHGE\ZHLJKW ORVV WHFKQLTXH DQG FDOFXODWHG IURP WKH DPRXQW RIPDWHULDO UHPRYHG IURP WKHZRUN
SLHFH DW D VSHFLILF WLPH )LJ VKRZV WKDW WKH 055 LQFUHDVHV ZLWK WKH LQFUHDVH LQ %& SRZGHU FRQFHQWUDWLRQ 7KH
PD[LPXP 055 LV IRXQG DW WKH FRQFHQWUDWLRQ RI  JPOLW DQG IXUWKHUPRUH 055 UHGXFHVZLWK LQFUHDVH LQ%& SRZGHU
FRQFHQWUDWLRQ :KHQ%&SRZGHULV DGGHG WRWKH GLHOHFWULF IOXLG055 LQFUHDVHVZKLFKPD\EH GXHWRHDUOLHUEUHDNGRZQRI
WKHGLHOHFWULFUHVXOWLQJ LQGHFUHDVHRILQVXODWLQJVWUHQJWK$GGLWLRQDOO\ VSDUNJDSHQKDQFHV\LHOGLQJWRKLJKLPSXOVHIRUFHV
EHWZHHQWKHGLVFKDUJHJDSRIFRSSHU HOHFWURGH DQGWKH WLWDQLXP ZRUN SLHFH <LK)RQJHWDO >@
)LJ0DWHULDOUHPRYDOUDWH9V%&SRZGHUFRQFHQWUDWLRQ
$VDUHVXOWRI WKLVWKHSODVPDFKDQQHO ZLWKLQWKH PDFKLQLQJ]RQHLV H[SDQGHG DQG RZLQJWR WKLV H[SDQVLRQWKHGLVFKDUJH
HQHUJ\ LV PDLQWDLQHG FRQVLVWHQW %HFDXVH RI WKLV FRQVLVWHQF\ PRUH PHOWHG PDWHULDO LV JRLQJ WR EH UHPRYHG WR
SURGXFH GHHSHU DQGELJJHU GLVFKDUJH FUDWHUV DQG HDVLO\ HYDSRUDWHV DQG VR WKH GHEULV LV H[SHOOHG IDVWHU DQG HDVLO\ IURP WKH
PDFKLQHJDS
7KH GHFUHDVH RI055 DIWHU  JPOLW FRXOG EH DWWULEXWHG WR VKRUW FLUFXLW DW KLJKHU SRZGHU GHQVLW\ ZKLFK FDXVHV WKH
PDFKLQLQJSURFHVVWREHFRPHXQHYHQFRQGLWLRQWRWKHQHWUHGXFWLRQLQ055 >6LQJKHWDO DQG 03-DKDQHWDO >@
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,QFUHDVH LQ %& SRZGHU FRQFHQWUDWLRQ UHVXOWV LQ DJJORPHUDWLRQ DQG XQHYHQ GLVFKDUJHV DUH RFFXUUHG PDNLQJ PDFKLQLQJ
XQVWDEOH$QRWKHUUHDVRQLVDVKLJKDPRXQWRISRZGHUFRQFHQWUDWLRQFRXOGQRWEHUHPRYHGHDVLO\IURPWKHPDFKLQLQJJDS
DQGDOVRDVWKHUHLVDSRVVLELOLW\RIRFFXUUHQFHRIWKHVHFRQGDU\VSDUNWKDWZRXOGPDNHPDFKLQLQJXQVWDEOHDQGLQFUHDVLQJ
WKHPDFKLQLQJWLPH <LK)RQJHWDO DQG.DQVDO+.HWDO >@
 (IIHFWRI%&SRZGHUFRQFHQWUDWLRQRQ65
7KH HIIHFW RI%& SRZGHU FRQFHQWUDWLRQ RQ WKH VXUIDFH URXJKQHVV RI WKHPDFKLQHG VXUIDFH LV VKRZQ LQ )LJ XQGHU
FRQVWDQWSDUDPHWHUVDQG WLPH7KHVXUIDFHURXJKQHVVGHFUHDVHVZLWK%&SRZGHUFRQFHQWUDWLRQXSWRJPOLWDQGDV%&
FRQFHQWUDWLRQLQFUHDVHVIXUWKHUWKHVXUIDFHURXJKQHVVWHQGVWRVOLJKWO\LQFUHDVH7KHGHFUHDVHLQ65PD\EHGXHWRYDULRXV
UHDVRQVOLNH
x 3RZGHUSURSHUWLHVOLNHSDUWLFOHVL]HSDUWLFOHGHQVLW\FRQFHQWUDWLRQRISRZGHUPHOWLQJSRLQWDIIHFWVWKHHOHFWULFDO
DQGWKHUPDOSURSHUWLHV <LK)RQJHWDO.DQVDO+.HWDO DQG <)7]HQJHWDO>@
x $GGLWLRQRI VXLWDEOH DPRXQW RISRZGHUZLOO OHDG WRXQLIRUPGLVSHUVLRQRIGLVFKDUJHHQHUJ\ LQDOOGLUHFWLRQVDQG
FDXVHVDGHFUHDVHLQFUDWHUVL]HWKXVUHVXOWLQJLQGHFUHDVHGVXUIDFHURXJKQHVV
)LJ6XUIDFHURXJKQHVV9V%&SRZGHUFRQFHQWUDWLRQ
)XUWKHUPRUH LQFUHDVH LQ 65 DW D YHU\ KLJK FRQFHQWUDWLRQ RI SRZGHU WKH GLHOHFWULF PLJKW ORVH LWV DELOLW\ WR GLVWULEXWH
XQLIRUPO\ WKHSRZGHUPDWHULDOV7KHUHIRUH WKH%&SRZGHUPD\DJJORPHUDWHEULGJLQJ WKHJDSDQG UHVXOWLQJ LQDUFLQJD
VKRUWFLUFXLWPRUHIUHTXHQWO\ 6LQJKHWDO>@DQG03-DKDQHWDO>@
 (IIHFWRI%&SRZGHUFRQFHQWUDWLRQRQ 7:5
7KHLQIOXHQFHRI%&SRZGHUFRQFHQWUDWLRQRQ7:5RIWKHPDFKLQHGHOHFWURGHLVVKRZQLQ)LJ7KHDGGLWLRQRI%&
SRZGHU FRQFHQWUDWLRQ WR GLHOHFWULF KDV D OHVV VLJQLILFDQW HIIHFW RQ 7:5 7KHPLQLPXP7:5 LV REWDLQHG DW  JPOLW LQ
FRPSDULVRQWRKLJKFRQFHQWUDWLRQRISRZGHU
7KLV LVGXH WRYDULRXVSURSHUWLHVRI%&VXFKDVH[FHOOHQWSK\VLFDO FKHPLFDOZHDU UHVLVWDQFHDQGDEUDVLRQ UHVLVWDQFH
ORZHUWKHUPDOH[SDQVLRQDQGKLJK KHDWRIIXVLRQ7KLVLVGXHWRLQFUHDVHLQHOHFWULFDOFRQGXFWLYLW\DQGWKHUPDOFRQGXFWLYLW\
RI GLHOHFWULF IOXLG JHQHUDWLRQ RIPHFKDQLFDO SROLVKLQJ DQG UHPRYDO RI FDUERQ7KH VSDUNLQJ IUHTXHQF\ LV LQFUHDVHGZLWK
LPSURYHG IOXVKLQJ RI GHEULV HIIHFWLYHO\ DZD\ IURP WKH JDS DV WKH HOHFWULFDO FRQGXFWLYLW\ LV LQFUHDVHG 7KLV UHVXOWHG LQ
HIIHFWLYHGLVFKDUJHWUDQVLWLYLW\XQGHUWKHVSDUNLQJDUHDGXHWRLQFUHDVHLQWKHWKHUPDOFRQGXFWLYLW\7KXVHOHFWURGHVXUIDFH LV
H[SRVHGWRPRUHDPRXQWRIKHDW 03-DKDQHWDO >@&DUERQSDUWLFOHVGHSRVLWHGRQHOHFWURGHVXUIDFHDUHUHPRYHGGXH
WRPHFKDQLFDO SROLVKLQJEHWZHHQ WKH HOHFWURGH DQGZRUNSLHFH DQG VKRUW FLUFXLW RFFXUV LQ WKHJDS DV WKHSRZGHUSDUWLFOHV
GHYHORSEULGJLQJHIIHFW <LK)RQJHWDO >@
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)LJ7RRO ZHDUUDWH9V%&SRZGHUFRQFHQWUDWLRQ
7KH HOHFWULFDO UHVLVWLYLW\ GHFUHDVHV DV WKH WHPSHUDWXUH RI %& SRZGHU LQFUHDVHV DV QXPEHU RI FRQGXFWLQJ HOHFWURQV
LQFUHDVHV+HDWRIIXVLRQRI%&SRZGHULVPXFKKLJKHUDVFRPSDUHGWRRWKHUSRZGHUSDUWLFOHV7KHKLJK DPRXQWRIHQHUJ\
LVVWRUHGGXULQJGLVFKDUJHLVWUDQVIHUUHGEDFNDIWHUWKHGLVFKDUJHKDVWDNHQSODFH7KLVUHVXOWHGLQWUDQVIHUULQJODUJHDPRXQW
RI KHDW WR WKH HOHFWURGH VXUIDFH $QRWKHU FDXVH LV LQFUHDVH LQ WKH RYHUDOO HOHFWULFDO FRQGXFWLYLW\ IXUWKHU GHFUHDVH LQ WKH
UHGXFWLRQ GLHOHFWULF VWUHQJWK RI GLHOHFWULF IOXLG DQG LQFUHDVLQJ WKH UDWH RI DEVRUELQJ DQG UHOHDVLQJ WKH GLVFKDUJH HQHUJ\
03-DKDQHWDO >@ DQG3D\-XQ/LHZHWDO >@
 (IIHFWRI%&SRZGHUFRQFHQWUDWLRQRQ6XUIDFHPRUSKRORJ\
)LJVKRZVWKH6(0PLFURJUDSKDQGVXUIDFHRI('0HGVXUIDFHDWYDULRXVGLHOHFWULFFRQFHQWUDWLRQV,QWKHH[SHULPHQWDO
FRQGLWLRQVVXFKDVGLVFKDUJHFXUUHQW$3XOVHRQWLPHVSXOVHRIIWLPHVDQG%&SRZGHUFRQFHQWUDWLRQJPOLW
DQG  JPOLW DUH DGGHG LQWR GLHOHFWULF ,W ZDV REVHUYHG WKDW ('0 SURFHVV SURGXFHV FRPSOH[ DSSHDUDQFH FRYHUHG E\
JOREXOHVRIGHEULVYDULRXV VL]HVRIPHOWHGGURSVDQGFUDWHUVYRLGPDUNVDQGGLIIHUHQW VL]HVRIPLFURFUDFNV7KURXJKRXW
('0SURFHVVVRPHSDUWLFOHVHURGHGDQGDWWDFKHGWRWKHVXUIDFHWKHPROWHQPDWHULDO WKHUHE\H[SHOOVUDQGRPO\7KXV WKH
VXUIDFHVWUXFWXUHLVUHVSRQVLEOHIRUXQHYHQQHVV
0HOWHGGURSVL]HVDUHGHSHQGVRQYDULRXVFDXVHVOLNH%&SRZGHUFRQFHQWUDWLRQDQGDVFRQFHQWUDWLRQLQFUHDVHVWKHGURS
VL]H UHGXFHVZKLFKLVREVHUYHGLQWKHILJ$DQG%&SRZGHUFRQFHQWUDWLRQDVVRFLDWHGZLWKWRQRWLFHDEOHVXUIDFHURXJKQHVV
RI PDFKLQHG VDPSOH LV DV VKRZQ LQ )LJ% $V GLVFKDUJH FXUUHQW LV DSSOLHG WR WKH PDFKLQLQJ ]RQH HTXDO LQWHQVLW\ RI
GLVFKDUJH HQHUJ\ VWULNHV WKHPHWDO VXUIDFH DQG D JUHDW TXDQWLW\ RIPROWHQ DQG IOXVKHGPHWDOZKLFK DUH VXVSHQGHG LQ WKH
HOHFWULFDOGLVFKDUJHJDSGXULQJ('0UHVXOWHGLQGHWHULRUDWLRQRIWKHVXUIDFHURXJKQHVV+LJKFRQFHQWUDWLRQRI%&SRZGHU
LQGLHOHFWULFDGKHVLRQRISRZGHUSDUWLFOHVWRWKHZRUNSLHFHVXUIDFHRFFXUVZKLFKFRQWULEXWHWRWKHLPSURYHPHQWRIHOHFWUR
GLVFKDUJHPDFKLQDELOLW\ 3D\-XQ/LHZHWDO >@$QRWKHUUHDVRQIRUJRRGVXUIDFHSURGXFHGRQPDFKLQHGVDPSOHLVGXH
WR HYHQ GLVFKDUJH HQHUJ\ WUDQVIHUUHG ZLWK OHVV LPSXOVLYH IRUFHV DQG VWUHVVHV FDXVHV VPDOOHU DQG OHVV FUDWHUV DQG FUDFNV
+DVFDOLNHWDO >@
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)LJ DDQGE6XUIDFHPRUSKRORJ\RI%&FRQFHQWUDWLRQDWJPOLWDQGJPOLW
 (IIHFWRI%&SRZGHUFRQFHQWUDWLRQRQ 5HFDVW OD\HUWKLFNQHVV
7KHKHDWDIIHFWHG]RQHFUHDWHGE\WKH('0FRQVWLWXWHDQXSSHUOD\HUNQRZQDVZKLWHOD\HURUUHFDVWOD\HUIROORZHGE\
SKDVHWUDQVIRUPDWLRQ]RQHDQGFRQYHUVLRQ]RQH2QWKHRWKHUKDQGWKHPHOWHGPDWHULDODWWKHERWWRPLVUDSLGO\FRROHGE\
GLHOHFWULFIOXLGDQGVROLGLILHGDJDLQRQWKHVXUIDFHRIWKHZRUNSLHFHWRIRUPDUHFDVWOD\HU,WZDVREVHUYHGLQWKH)LJD
DQGE6(0PLFURJUDSKVRI('0HGVDPSOHVRI5/7DQGDWYDULDWLRQLQWKH%&SRZGHUFRQFHQWUDWLRQJPOLWDQG
JPOLW
)LJ DDQGE6(0PLFURJUDSKVRIPDFKLQHGUHFDVWOD\HURQ%&FRQFHQWUDWLRQDWJPOLWDQGJPOLW
7KHZRUN SLHFHPDFKLQHG XQGHU GLHOHFWULF IOXLG ZLWK JPOLW %& SRZGHU KDV D WKLQ DQG XQLIRUP UHFDVW OD\HU 7KH
WKLFNQHVVRIWKH UHFDVWOD\HUZDVIRXQGWREHORZZKHQFRPSDUHGWRJPOLW%&SRZGHUDGGHG:KHQ%&SRZGHUDGGHG
WRGLHOHFWULF IOXLG WKH WKHUPDODQGHOHFWULFDOFRQGXFWLYLW\RI WKHIOXLG VOLJKWO\HQKDQFHV7KLV OHG WR LQFUHDVH LQVSDUNJDS
GLVWDQFHZKLFKILQDOO\LPSURYHVWKHIOXVKLQJGXHWRWKHVHIDFWRUVFRQWULEXWHGWRVROLGLW\OHVVDPRXQWRIPROWHQPHWDORQWKH
PDFKLQHGVXUIDFH ,QDGGLWLRQLWZDVREVHUYHGWKDWWKHGLHOHFWULFDGGHGZLWKJPOLW%&SRZGHUKDVQRVLJQLILFDQWHIIHFW
RQWKHUHFDVWHGOD\HUWKLFNQHVV7KLVLVGXHWRWKHDJJORPHUDWHRIH[FHVVSRZGHULQWKHJDSUHGXFLQJWKHIOXVKLQJHIILFLHQF\
7KXVPROWHQPDWHULDOUHPDLQVLQWKHVDPHVWDWHIRUWKHORQJHUGXUDWLRQRIWLPHZKLFKLVVROLGLILHGRQWKHVXUIDFH
 &RQFOXVLRQV
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7KHLQIOXHQFHRI%&SRZGHUDGGLWLRQWRWKHGLHOHFWULFRQPDWHULDOUHPRYDOUDWHVXUIDFHURXJKQHVV WRROZHDUUDWHDQG
VXUIDFHPRUSKRORJ\ZDVLQYHVWLJDWHGDQGWKHFRQFOXVLRQVZHUHGUDZQDVIROORZV
x 0L[LQJ%&SRZGHULQWRWKHGLHOHFWULFIOXLGKDVVLJQLILFDQWO\LPSURYHGWKHHOHFWULFDOGLVFKDUJHGHQVLW\DQGVSDUN
JDSZKLFKH[WHQGHGO\LPSURYHGWKHPDWHULDOUHPRYDOUDWH
x 7KH RSWLPXPPDWHULDO UHPRYDO UDWHZDV REWDLQHG DW JPOLW E\ WKH DGGLWLRQ RI%& SRZGHU LQWR WKH GLHOHFWULF
IOXLG
x 7KH WRROZHDU UDWH LQFUHDVHVZLWK WKH LQFUHDVH LQ%&SRZGHUFRQFHQWUDWLRQDQGDWJPOLW ORZHU WRROZHDU UDWH
UHVXOWHG
x 6XUIDFH ILQLVKFDQEH LPSURYHGE\DGGLQJ%&SRZGHU LQ WKHGLHOHFWULF IOXLG7KH ORZHVWVXUIDFHURXJKQHVVZDV
DFKLHYHGZKHQWKHFRQFHQWUDWLRQLVDWJPOLW
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